The expression and processing of human beta-amyloid peptide precursors in Saccharomyces cerevisiae: evidence for a novel endopeptidase in the yeast secretory system.
In mammalian cells, the transmembrane beta-amyloid peptide precursor (beta-APP) undergoes a complex series of alternative proteolytic processing steps that result in the secretion of varying proportions of its extra-cellular domain (protease nexin II) and beta-amyloid peptide. The protein is also reinternalized and degraded in the endosomal-lysosomal system. The relative efficiencies of these competing processes determine the yield of beta-amyloid peptide. Several proteases have been implicated in this complex processing pathway, although none has been identified to date. The yeast secretory system contains proteases homologous to mammalian pro-hormone convertases and is susceptible to genetic manipulation. We therefore investigated the expression and processing of the beta-amyloid peptide precursors (beta-APP-695 and beta-APP-751) in Saccharomyces cerevisiae transformed with human beta-APP cDNA's. beta-APP (695 or 751) cDNA either with its authentic signal sequence or the yeast-derived prepro-alpha-factor leader, was inserted into a glucose-regulated expression vector and transfected into a protease-deficient yeast strain. In all instances, expression of beta-APP was about 1% of total protein. Protease protection studies indicated that either the natural human signal sequence or the alpha-factor leader sequence targetted beta-APP to the endoplasmic reticulum and inserted it with the amino-terminal domain in the lumen. All of the beta-APP fused to the alpha-factor leader proceeded to the trans-Golgi, where Kex2 endopeptidase removed the leader and released the normal amino-terminus of beta-APP. About one-half of the beta-APP was also cleaved at the "alpha-secretase" site in the middle of the beta-peptide sequence, 12 residues before the membrane-spanning sequence. A fraction of the alpha-secretase-cleaved beta-APP appeared in the culture medium; however, most of it associated with the exterior of the cells. The carboxyl-terminal fragments formed by cleavage at the alpha-secretase site accumulated in the membranes. Other proteolytic processes generated membrane-associated carboxyl-terminal fragments that also resembled those found in mammalian cells. These results indicate that the secretory system of S. cerevisiae possesses proteases with specificities similar to the mammalian enzymes that process beta-APP.